Acardiac twinning or TRAP-sequence is a rare complication of monochorionic twin pregnancy. We present a case in which fetal demise of one fetus of a twin pregnancy had been wrongly diagnosed in the first trimester as a vanishing twin. This resulted in the unexpected occurrence of an acardiac twin in the third trimester, culminating in an acardiac twin with a birth weight higher than that of the normal twin. A review is presented on therapeutic opportunities including ligation of the umbilical cord under ultrasound or fetoscopy. This case report highlights the need for correct and early ultrasonographic diagnosis of chorionicity and detailed ultrasonographic follow-up of twin pregnancies.
Introduction
Acardiac twinning or twin reversed arterial perfusion sequence (TRAP-sequence) is a rare complication of monochorionic twin pregnancies eventually threatening survival of the normal twin. An acardiac twin has no functional own heart and blood circulation is supported through placenta anastomosis by the other surviving twin.
Case Report
A 24-year-old G1 P0 without any relevant medical history was first seen at 8 weeks gestational age for an early * Corresponding author. pregnancy ultrasound at a primary care center. A twin pregnancy was noted with one amorphic embryo without heart activity compacted in the uterine fundus, the surviving embryo had a crown-rump length of 19 mm, in accordance with 8 weeks gestational age. The status was diagnosed as diamniotic twin pregnancy with early demise of one embryo. Follow-up was organized at the primary care center with routine structural ultrasound at 20 weeks, at that moment no anomalies had been noted. At 27 weeks, still at the primary care center, intrauterine growth retardation was suspected and the patient was referred for specialist care. The patient was followed by weekly ultrasound and home cardiotocography. At 34 weeks, a fetus in breech presentation was noted, biometry was in accordance with 31 weeks and an expected fetal weight of 1800 grams, a hydropic placenta was noted and the patient was sent to a tertiary care center where a perinatal specialist performed a third level ultrasound. A second amorphic fetus without cardiac action, a length of about 18 cm, was seen that had mistakenly been regarded as a hydropic placenta. At that moment, the diagnosis of acardiac twinning was made. It was decided to follow the pregnancy by further intensive monitoring of the surviving fetus and looking for eventual signs of cardiac decompensation. Due to suspected large volume of the acardiac twin, primary caesarean section was planned.
At 35 weeks and 4 days, the patient presented herself with spontaneous rupture of membranes and preterm labour. A caesarean section was performed. First the surviving fetus was delivered in breech presentation, male weighing 1855 grams. Apgar score of 8 after 1 minute and of 9 after 5 minutes, umbilical artery pH 7.21. The baby was transferred to the neonatology department. Further development and extraction of the acardiac twin posed some technical problems due to the large volume. Only after ten minutes, the acardiac twin was born, and weight was 1940 grams. The acardiac twin had no head, only a rump and severely malformed limbs (Figure 1) .
Examination of the placenta demonstrated vascular connections between donor and acceptor.
Autopsy of the acardiac twin confirmed the absence of cardiac and pulmonary tissues. There was a rudimentary vertebral column with 5 thoracic vertebrae and some spinal cord. Diaphragm, liver, spleen and adrenals were absent. Bladder, kidneys, anus and testes were present. The intestinum was rotated and in both arms and legs, some bone formation was present.
Discussion
The incidence of cardiac twinning is about 1 in 35000 pregnancies or 1% of all monochorionic twins [1]- [7] . In the Netherlands, this constitutes 6 to 20 acardiac twins per year [1] . An acardiac is always severely malformed and never has a functioning heart, blood flow is supported through placental anastomosis by the other fetus called pump twin [1] [2] . Acardiac twinning is also called TRAP-sequence (twin reversed arterial perfusion). More or less large arterial anastomoses on the placental surface pump oxygen-poor blood from the donor twin to the acardiac twin mean that the direction of blood flow in the umbilical cord of the acardiac is reversed as compared to normal. Blood flow is from the acardiac twin back to the donor twin through veno-venous anastomosis. The acardiac twin can be considered a parasite with some tissues surviving due to the cardiac function of the donor. It is often noted that the lower half of the body is better developed as the oxygen-poor blood from the Figure 1 . Examination of the placenta demonstrated vascular connections between donor and acceptor. umbilical artery and aorta from the acardiac first supplies the lower part and is almost completely depleted of oxygen when it reaches head, heart and arms. In general, a diagnosis can be made early with ultrasound, and doppler measurements will show retrograde flow in the umbilical arterial of the acardiac [3] - [6] . Our case demonstrates that missing the diagnosis early in the pregnancy can result in both diagnostic and therapeutic difficulties later in the pregnancy. The exact etiology is not completely clear. One hypothesis is that primary cardiac failure at the stage of embryogenesis is present, resulting in an acardiac twin surviving as a parasite on the pump twin from early beginning. Another theory states that the unbalance between both fetal circulations results in cardiac atrophy in the acardiac twin and secondary abnormal anatomy. Unfavorable prognostic factors for the surviving twin are a relatively high weight of the acardiac (particularly when this is more than 70% of the donor twin), a quickly developing acardiac mass and some morphological features such as a developing head and upper limbs [1] [3] [5]- [7] . A high resistance index in the umbilical artery of the acardiac twin is considered favorable. Possible complications for the surviving pump twin are cardiac failure, polyhydramnios, preterm birth, intrauterine fetal death (in up to 25% of cases), perinatal death (in 35 to 50% of cases), due to cardiac failure and hypoxemia [1]- [5] .
Historically, uterotomy and removal of the acardiac twin has been described [1] . Later, endoscopic ligation of the umbilical artery and fetoscopic coagulation or ablation of the placental anastomosis have been described [1] - [3] [5]- [7] . Fetal survival after laser coagulation is around 76%, mean gestational age at birth is 34 weeks and the failure rate is about 10%. There is a high risk for preterm rupture of the membranes resulting in preterm or immature birth (up to 10%). Intrafetal ablation is technically easier and safer and more effective in comparison to more invasive techniques for umbilical artery occlusion [3] . Intrafetal ablation has been described by alcohol injections, monopolar diathermy, ultrasound guided laser and radiofrequency [3] . The most recent development is percutaneous ablation of the acardiac through radiofrequency. This is an effective way to treat TRAP-sequence but does not prevent eventual knotting of umbilical cords [2] . Neonatal survival after this treatment is between 80 and 88% and the mean gestational age at delivery is 36 weeks [2] [4] . Recently, high intensity focused ultrasound (HIFU) has been described as a non-invasive treatment for occlusion of the blood flow in the acardiac twin [8] . No comparative studies with HIFU exist.
As pregnancy progresses, interventions become more and more difficult due to the enlarging diameter of the blood vessels. The optimal timing for treatment seems to be between 16 and 20 weeks gestational age [3] . This necessitates early diagnosis and referral to a specialist centre. Due to the low incidence of this specific complication in twin pregnancies, early referral for detailed ultrasound in twin pregnancy should be advised to avoid missing the diagnosis, as demonstrated by this case.
A non-invasive option is close observation with frequent ultrasound and termination of pregnancy as soon as the surviving twin shows signs of heart failure [1] [4] [6] [7] .
